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Abstract
In a recent comment (arXive:1906.05742) on the preprint (arxive:1807.08572) entitled "Coexistence of Dia-
magnetism and Vanishingly Small Electrical Resistance at Ambient Temperature and Pressure in Nanos-
tructures", it is pointed out that the reduction of the four-probe resistance (R4P) to zero value is accompa-
nied by a rise in the two probe resistance (R2P) in the same temperature range. This curious correlation
between R4P and R2P is said to be pointing towards a non-superconducting "conductance percolation"
transition (rather than "percolating superconducting transition" as proposed in the revised version of arx-
ive:1807.08572). The explanation offered in preprint arXive: 1906.05742 is quite reasonable, but the author
leaves open the question of giant diamagnetism. In this short comment I suggest a plausible cause of the
giant diamagnetism found in nanostructures. It could be due to gapped electronic energy spectrum of
nanoparticles which is due to quantum confinement effects, and that suppresses the electronic scattering
mechanism leading to a very high value of Langevin diamagnetism.
In the revised version, arxive:1807.08572, en-
titled "Coexistence of Diamagnetism and Van-
ishingly Small Electrical Resistance at Am-
bient Temperature and Pressure in Nanos-
tructures", and another preprint, arXive:
1906.02291, entitled "Current-Voltage charac-
teristics in Ag/Au nanostructures at resistive
transitions", Thapa, Pandey, and collaborators
∗Cell Phone: +919662680605
presents detailed information about their mea-
surements of zero resistance and diamagnetic
transitions found in some of the nanostruc-
tered samples prepared by them. It is con-
cluded that in some of the nanostructures ex-
hibit superconducting-like transition at ambi-
ent conditions.
In a recent comment (arXive: 1906.05742)
it is suggested that the transition observed
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by IISc team could be a percolating conduc-
tance threshold rather than a percolating su-
perconducting transition. This is nicely ex-
plained using figure 2 in arXive: 1906.05742
and it is argued that minute internal struc-
tural deformations due to thermal stress (on
changing temperature) lead to some sort of re-
distribution of current channels in the nanos-
tructure which can further lead to four probe
terminals having same potential. In other
words no potential difference between them!
This could be quite possible and a possible
signature of it is the simultaneous rise in two
probe resistance when four probe resistance
drops to zero (refer to figure 2 in arXive:
1906.05742).
In this communication, I point out that the
giant diamagnetic transition observed in the
nanostructures does not necessarily imply su-
perconducting transition. My main point is
the following. Induced Langevin diamagnetic
susceptibility when an external magnetic field
is applied is given by
χL = −N
∗ e
2〈r2〉
6m
. (1)
This is generally small as
√
〈r2〉 is of the or-
der of atomic radius. Now, imagine if
√
〈r2〉
is stretched to the radius of a nanoparticle√
〈R2〉! Atomic radius is in Angstrom range
where as nanoparticle radius is in nanometers.
Thus there could be an order of magnitude
larger effect! But there are two complications:
(1) there must be some mechanism which sup-
press the electronic scattering of electrons that
constitute surface currents, and (2) we need
to estimate the number of such long surviv-
ing electrons at the surface of a nanoparticle.
This number of surface electrons should be
sizable to enhance the susceptibility (that fac-
tor N∗ in equation (1)). One mechanism is
the well known superconducting transition in
which surface currents along the periphery of
nanoparticles survive to very long time (via su-
percurrents). But there is another very impor-
tant mechanism of suppression of electronic
scattering at the surface as pointed out in[1].
It is something to do with gapped electronic
states on the surface of nanoparticles. If this
gap ∆ is greater than kBT, thermal scattering
is suppressed, and surface currents can sur-
vive longer which further can lead to giant
diamagnetism through equation (1), with 〈r2〉
replaced with 〈R2〉 where R is the radius of
the nanoparticle. In the following we first cal-
culate discrete electronic structure on the sur-
face of a nanoparticle with a simple minded
calculation, and then calculate the fraction of
surface electrons. Next we calculate a critical
radius of a nanoparticle by comparing the elec-
tronic energy gap with thermal energy. Parti-
cles with smaller radius than this critical ra-
dius can show giant diamagnetism. Then we
calculate the number of surface electrons for
which thermal scattering is suppressed and
advance arguments why electronic scattering
is suppressed when there is a gap in the excita-
tion spectrum. Next, we will calculate suscep-
tibility and compare that with atomic suscep-
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tibility and show the possibility of giant dia-
magnetism. We end by discussing some im-
portant factors that are left out in these back-
of-the-envelop calculations.
SURFACE STATES
Figure 1: Discrete electronic states on the surface of a
nanoparticle.
Let R be the radius of a nanoparticle. Im-
posing periodic boundry condition on a closed
orbit of a surface elecron along the peripheri
of the nanoparticle (figure 1), we get quatized
wavevectors n 2piL . The nth energy level is given
by En =
n2h¯2
2mR2
, and the energy gap by
∆En = En+1 − En =
h¯2
2mR2
(2n+ 1). (2)
When this gap becomes bigger that kBT for
sufficiently larger n electronic scattering will
be suppressed. But before working that out
we need to calculate how many levels are pop-
ulated at the surface, and this requires an esti-
mate of the number of surface electrons. The
number of surface electrons are estimated in
the following way:
Let a be the lattice constant for the nanopar-
ticle. And assume that area a2 contributes
one electron at the surface. Then the area
4piR2 contains 4piR
2
a2
electrons. In the interior
of the nanoparticle, assume that volume a3
contributes one electron. Then the volume of
nanoparticle will contain 4piR
3
3a3
electrons. The
ratio α of the number of surface electrons to
the number of volume electrons is given by
α = 3
a
R.
(3)
If a = 1 A and R = 1 nm, then α = 0.3. That
if there are N = 10, 000 electrons in the inte-
rior of the nanoparticle, then 3000 will reside
on the surface (there are several complicating
factors which are discussed at the end of this
note). A small fraction of those will be able
to carry long lived surface currents. To calcu-
late that number let us first calculate the num-
ber of filled surface energy levels (n). Clearly
2n = αN where factor of 2 is for spin degen-
eracy. As n >> 1, the energy gap (equation 2)
for the highest filled surface levels is given by
∆E∗n ≃
αh¯2N
2mR2∗
. (4)
For the suppressing of scattering we must
have ∆E∗n > kBT. Thus, there is an upper limit
to the radius at a given temperature
R∗(T) ≤
√
3h¯2N
2mKBT
( a
R
)
. (5)
This is quite an important result but sub-
ject to some corrections (as explained in the
last paragraph). If radius of a nanoparticle is
less that R∗(T), then it can support long lived
surface currents and can show giant diamag-
netism. Particles with bigger radius will not
show diamagnetism.i
iThis should be tested experimentally.
3
On Thapa-Pandey discovery
Next, we address the question of the sup-
pression of the scattering rate for a gapped
system. It was shown in[2] that if there is a
gap in the electronic density of states around
the Fermi level in a metal, the electronic scat-
tering is exponentially suppressed:
1
τ(T)
≃ e
− ∆kBT f (T/ΘD). (6)
This expression was obtained using the
memory function formalism[3]. f is a scaling
function and ΘD is the Debye temperature[2].
It should not be difficult to repeat the calcu-
lation for discrete energy levels of a nanopar-
ticles, and an expression for the scattering
rate can be obtained. We assume that an
expression similar to the above will be ob-
tained which will show suppressed scattering
rate. This is quite obvious, it will only change
the details not the main argument (refer also
to[1]).
For the calculation of diamagnetic suscepti-
bility, we need to calculate the number of sur-
face electrons that can support long lived sur-
face currents. It is calculated in the following
way:
The number of surface electrons for which
thermal energy is of the order of the electronic
energy gap is given by
Ncut =
2mR2kBT
h¯2
. (7)
These electrons will be thermally scattered
and cannot participate effectively in diamagne-
tizing surface currents. The electrons in which
we are interested are those which are ther-
mally NOT scattered, and there number N∗
is given by: (total number of surface electrons
(αN)) - (Ncut).
N∗ = αN −
2mR2kBT
h¯2
. (8)
Collecting all this, we finally come to our
main result: Diamagnetic susceptibility of the
nanoparticle:
χ
nano
L = −
(
αN −
2mR2kBT
h¯2
)
e2R2
6m
. (9)
To get a feel for the enhanced effect
let us compare it with atomic susceptibility
(χatomicL = N
e2a2
6m ) originating from the interior
of the nanoparticle:
χ
nano
L
χatomicL
=
(
R
a
)2 (
α−
2mR2kBT
Nh¯2
)
. (10)
The second factor containing KBT is an or-
der of magnitude small as compared to α for
the relevant set of parameters. Thus it can be
neglected. Substiting the value of α we get
χ
nano
L
χatomicL
∼ 3
(
R
a
)
∼ 30. (11)
This is an order of magnitude larger effect!
This could be a cause behind the giant dia-
magnetic effect seen in IISc experiments on
nanostructures. There are several important
factors that we did not take into account in
the above simple minded calculations. We col-
lect those in the following paragraph (without
going into their detailed calculations).
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Left out important factors:
Although Fermi energies of bulk Silver and
bulk Gold are the same (∼ 5.5 eV), but for a
nano-scaled Silver particle it is modified due
to quantum confinement effects. When two
metals of different Fermi energies are joined
together diffusion of electrons from higher
Fermi energy metal to lower Fermi energy
metal happens. Thus, there must be some dif-
fusion of electrons from bulk Gold to Silver
nanoparticle, and it will renormalize the num-
ber of surface electrons on Ag nanoparticle.
The factor α has to be multiplied with another
factor fDi f f usion to take into account the diffu-
sion of electrons. There is another complicat-
ing factor. Quantum confinement is more se-
vere in the interior of the nanoparticle (for lin-
ear dimension 2R) than on the surface (linear
dimension 2piR). Thus a slight fraction of elec-
trons would like to move to the surface, renor-
malizing α to α fcon f where fcon f is a factor that
takes into account this quantum confinement
effects. There is another factor which is the
Coulomb factor. Diffusion to the surface can
lead to slight charge imbalance, and there will
be electron-electron interactions. This will fur-
ther renormalize α to α fCoul. Collecting all this
α will be normalized to α fDi f f usion fcon f fCoul (A
detailed investigation is needed for the com-
putation of these factors. Here we will not go
into that). This will change the ratio of suscep-
tibilities to
χ
nano
L
χatomicL
∼ 3 fDi f f usion fcon f fCoul
(
R
a
)
, (12)
leading to some further enhancement of the
effect. Thus, in conclusion, there is a possi-
bility of giant diamagnetism without invoking
superconductivity!
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